The root of Salvia miltiorrhiza Bge (Danshen), a popular traditional Chinese medicinal herb, has been widely used for the treatment of cardiovascular disease [1] . Salvianolic acid A, a caffeic acid trimer, was isolated from the aqueous extract of Danshen by silica gel column chromatography and preparative TLC in 1984 for the first time [2] . Since then, Sal A has attracted tremendous interest of many research groups owing to its exciting biological properties [3] . Some biological activities of Sal A were compared with those of Sal B, the most abundant and bioactive compound in Danshen, and astonishingly, the former was more potent. Sal A displayed a higher antioxidant effect in neutralizing free radicals (DPPH and ABTS) than Sal B [4] . Sal A also exhibited a stronger inhibitory activity than Sal B against lipid peroxidation induced by iron/cysteine, and erythrocyte hemolysis induced by hydrogen peroxide [5] . A better protective effect on acute myocardial ischemia and focal cerebral ischemia in rats was found for Sal A than Sal B [6, 7] . Sal A also inhibited the peroxidation of rat microsomes from brain, liver and kidney with a potency superior to that of Sal B. The differences in activities might be attributable to the higher value for the oil-water distribution factor (K o/w ) of Sal A. The K o/w of Sal A is 1.15, while it is only 0.54 for Sal B, when n-octanol was used as the oil phase [8] .
In addition, although significant activities have been reported for Sal B, studies of pharmacokinetics revealed an extremely low bioavailability after oral dosing (0.02% to 2%) [9, 10] . After intravenous administration, Sal B was eliminated quickly, while Sal A declined slowly and maintained a relatively high concentration 30 min after dosing. The results suggest that Sal A may have a more favorable pharmacokinetic behavior in vivo, therefore playing an important role in eliciting the pharmacological activity of Danshen injection [11] . This attracted our interest in the separation of Sal A from Danshen and the evaluation of its pharmacological effect in clinical use as a single compound.
Recently, the isolation of Sal A was reported from the ethanol extract of Danshen using high-speed counter-current chromatography (HSCCC) [4] . However, the content of Sal A only ranged from 0.005% to 0.011% [12] , and so direct extraction of this compound from Danshen would lead to excessive consumption of raw materials and solvents. Although Sal A can be produced during decoction by hydrolyzing Sal B, Sal A is unstable and can be easily oxidized when the raw material is boiled in water. A study in our laboratory showed that when 10 volumes of water were used to boil the raw material for 6 hours open to air, 80% of Sal B degraded, but only a small amount of Sal A was generated. Therefore, a novel and more productive procedure for the preparative separation of Sal A is desirable.
In this study, an aqueous solution of Danshen was heated in a covered container in order to accelerate the conversion of Sal B to Sal A. Hydrolysis conditions, including heating temperature, solvent pH, and heating periods, were optimized by a single factor method of optimization. Danshen aqueous solutions were analyzed by HPLC before and after heating at 90ºC for 4 days. The change of Sal B concentrations under different pH conditions are shown in Figure 1 . The most stable pH value for Sal B was 2. From pH 2.0-7.0, the rate of degradation increased with increases in pH value. At pH 7.0, Sal B decreased most rapidly.
The generation of Sal A in different pH conditions is shown in Figure 2 . The most abundant Sal A conversion under the different pH conditions was at pH 4.
The chromatograms of Danshen solutions with and without heating are shown in Figure 3 . Danshensu (1), procatechuic aldehyde (3) and Sal A (9) were barely detectable in the raw materials, but increased in the solution heated at 90ºC. With the heating time increasing from 0 to 4 days, the peak area ratio of Sal A to Sal B (8) increased from 0.1 to about 10. However, prolonged heating resulted in increased degradation of Sal A. The highest amount of 166.3 μg/mL Sal A was reached following 2 days of heating. Heating Danshen aqueous solutions at 60ºC was also tested, but this temperature was too mild for the hydrolysis of Sal B to Sal A. The amount of Sal A only doubled following heating at 60ºC for 7 days. Based on the above results, heating for 2 days at pH 4 and 90ºC gave a maximum yield of Sal A, and these conditions were chosen for the conversion of Sal B to Sal A. The content of Sal A could reach 1.7% of the raw material.
It was reported that hydrolysis of the ester moiety and ring cleavage of the benzofuranyl unit represented the two main pathways of degradation of Sal B. After hydrolysis, salvianolic acid B was converted to danshensu and lithospermic acid, and protocatechuic aldehyde was the product generated by oxidative degradation. Salvianolic acid E was obtained by opening the benzofuran ring [13] . However, our studies showed that the main degradation product of Sal B was Sal A. This is different from the reported results [14] [15] [16] . The observed difference in the degradation products of Sal B may be due to the different reaction conditions used by the different groups, and the different impurities present in the Danshen solution.
Sal A was the main polyphenolic acid in the aqueous solution after heating. Purification was then needed to isolate Sal A from the reaction solution. D101 macroporous resin was used to remove the high polar substances. Polysaccharide, protein, danshensu and procatechuic aldehyde were then eluted by water and 20% ethanol. Sal A was eluted in the 50% ethanol fraction (90% recovery).
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The Sal A in the 50% ethanol solution was then extracted with ethyl acetate and purified using ODS column chromatography. The effluent from the ODS column was continuously monitored at 280 nm. Peak fractions were collected according to the elution profile, which indicated pure Sal A. All peak fractions were combined and evaporated under reduced pressure. The yield of Sal A was 0.5% of the raw material with a purity of 98.0%.
The chemical structure of Sal A was confirmed from its 1 H, 13 C NMR and MS data, which were comparable with those in the literature [2, 4, 17] .
In this study, we report optimized conditions for the conversion of Sal B to Sal A in Danshen aqueous solution. Following heating in a covered container at pH 4.0 at 90ºC for 2 days, Sal B was preferentially converted to Sal A. Using this method, the content of Sal A increased from 0.001% to 1.7% of the raw material. The follow-up purification step was simple with the employment of macroporous resin and either ODS column chromatography or HSCCC. Therefore, the overall procedure is convenient, efficient, and suitable for the large scale separation of Sal A.
Experimental

Samples and regents: Danshen was collected from
Sichuan, China and authenticated by Professor Hao Zhang. The reference standards of danshensu (1), procatechuic acid (2), procatechuic aldehyde (3), and ferulic acid (5) were purchased from the National Institute for Control of Biological and Pharmaceutical products of China. Caffeic acid (4), rosmarinic acid (6), lithospermic acid (7), Sal B (8) and Sal A (9) were isolated from Danshen by the author. Their identities were established on the basis of their spectral data; their purities were above 98.0% as determined by HPLC. Acetonitrile and methanol were of HPLC grade (Honeywell, USA). Deionized water was generated from a deionized water system (Aquapro, Ever Young Co., Ltd, China). Other chemicals and solvents were of analytical grade.
Instrumentation:
The analyses were performed using a Shimadzu LC 2010C HPLC system, equipped with a vacuum degasser, a quaternary solvent delivery system, an autosampler, a column temperature controller and a UV detector. The column configuration consisted of a Dikma Diamonsil reverse-phase C 18 column (5 μm, 4.6 x 250 mm) and a Dikma C 18 guard column. The mobile phase consisted of (A) 0.026% phosphoric acid in water, (B) acetonitrile, using a gradient program of 5-36% B for 0-30 min, and 36-5% B for 30-40 min. The flow rate was kept at 1mL/min, the column temperature at 30ºC, and the UV detector was set at 280 nm. Sal A was purified using a Büchi C 18 column (50 μm, 26 x 230 mm) with a Büchi pump manager C-615, Büchi pump module C-605 and Büchi UV monitor C-630. Sal A was eluted in the 20%-25% ethanol fraction.
Preparation of Danshen and standard reference solutions:
Danshen was pulverized and 0.25 g of the powder (60 mesh), accurately weighed, was sonicated in 25 mL of 75% methanol for 60 min. The standard solutions were also prepared in 75% methanol solution. All solutions were filtered through a membrane filter (0.45 μm) before injection.
Conversion experiments:
Danshen slices (200 g) were extracted with boiling water (3 x 1 h). The extracts were combined and concentrated to about 300 mL (pH 5.5). Aqueous solution (25 mL) was then distributed into different screw-capped test tubes. The pH of the solution was then adjusted to 2.0, 3.0, 4.0, 5.0, and 7.0, respectively, in each test tube using either diluted hydrochloric acid or sodium hydroxide solution. The test tubes were sealed and incubated in a thermostat bath at either 90ºC or 60ºC. Samples were periodically withdrawn and diluted with 75% methanol to a concentration of 10 mg/mL (raw material). The solutions were stored at 4ºC for analysis.
Purification of Sal A:
In the "Conversion experiments", the optimal conditions for conversion of Sal B to Sal A were achieved. The heated solution was filtered, the filtrate adjusted to pH 3.0, and purified using D101 macroporous resin. The resin was washed with water, 20% aqueous ethanol, and 50% ethanol. The 50% ethanol fraction was concentrated and extracted with ethyl acetate. Following evaporation, the residue was dissolved in water and purified by passage through an ODS column. The Sal A effluent was concentrated under reduced pressure and freeze dried. The purified compound was stored at -20ºC before HPLC and NMR analyses.
